Background: There is no consensus at present regarding the differences in the risk of GI bleeding across various NOAC regimens. Therefore, we performed a network meta-analysis to compare the risk of gastrointestinal bleeding after different NOAC regimens. Methods: PubMed, Cochrane, Web of Science, Clinicaltrial.gov and Clinicaltrialresults.org were searched for randomized controlled trials (RCTs) assessing gastrointestinal bleeding of all NOAC regimens from inception to January 2018. The primary endpoint was major gastrointestinal (MGI) bleeding. The meta-regression was performed to access the association between the MGI bleeding events and mortality. The network meta-analysis was carried out with the Bayesian random-effect model. Results: A total of 25 RCTs, including 139,392 patients, were identified. Meta-regression analysis showed that MGI bleeding was correlated with fatal bleeding events (odds ratios [OR], 1.76; 95% confidence interval [CI], 1.13-2.77], P=0.015). The network meta-analysis results showed that compared to the conventional regimens, rivaroxaban was associated with increased risk of MGI bleeding (OR, 1.37; 95% credible interval [CrI], 1.00-1.85), but not the apixaban (OR, 0.77; 95% CrI, 0.53-1.07]), edoxaban (OR, 0.86; 95%CrI, 0.52-1.18) and dabigatran etexilate (OR, 1.22; 95% CrI, 0.82-1.69). Compared to rivaroxaban, apixaban (OR, 0.56; 95% CrI, 0.35-0.88) and edoxaban (OR, 0.62; 95% CrI, 0.35-0.96) showed a significantly lower risk of MGI bleeding. Apixaban had the highest probability of being the safest option with regard to the risk of MGI bleeding (89.1%), followed by edoxaban (77.4%), conventional therapy (51.4%), dabigatran etexilate (23.8%) and rivaroxaban (8.3%). Conclusion: The risk of GI bleeding significantly varies among different NOAC regimens, and evidence shows that apixaban and edoxaban had the most favorable MGI bleeding safety profile, while rivaroxaban and dabigatran etexilate were the least safe.
Background
New oral anticoagulants (NOACs) are effective in the prevention and treatment of thrombosis, and thus have become the main therapeutic drugs for the prevention of venous thromboembolism (VTE) and ischemic stroke prevention in atrial fibrillation (AF). 1 The European Society of Cardiology (ESC) Guidelines for the Disease also recommended NOAC over vitamin K antagonist (VKA) therapy for treating VTE (Grade 2B). 3 However, none of the current guidelines have specific recommendations regarding the preferred NOAC regimen. Recent studies have shown that the risk of gastrointestinal (GI) bleeding depends on the NOAC regimen. The Rivaroxaban Once Daily Oral Direct Factor Xa Inhibition Compared with Vitamin K Antagonism for Prevention of Stroke and Embolism Trial in Atrial Fibrillation (ROCKET AF) trial revealed that rivaroxaban significantly increased the risk of GI bleeding compared with warfarin. 4 On the contrary, there is also evidence that the risk of GI bleeding in patients taking oral apixaban is lower than that in the warfarin group. 5 However, no randomized-controlled trial (RCT) has directly compared the risk of GI bleeding following different NOAC regimens. Therefore, there is no consensus at present regarding the differences in the risk of GI bleeding across various NOAC regimens.
To clarify this issue, we used network meta-analysis, an emerging methodology which uses a common comparison group to make indirect comparisons of all interventions. 6 All relevant clinical studies were reviewed, and the risk of GI bleeding in all NOAC regimens was analyzed using Bayesian network meta-analysis in order to provide guidance for clinical decision-making.
Methods
This study was performed in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analysis statement. 7 
Data Sources And Searches
The PubMed, the Cochrane library, Web of Science, Clinicaltrial.gov, Clinicaltrialresults.org and reference lists of relevant papers were searched from inception to January 2018. The key words were as follows: "atrial fibrillation," "deep vein thrombosis," "pulmonary embolism," "venous thromboembolism," "novel oral anticoagulants" (including "edoxaban," "apixaban," "rivaroxaban," "dabigatran etexilate").
Study Selection
We included studies if: 1) the recruited population should be patients with atrial fibrillation, deep vein thrombosis or pulmonary embolism; 2) the intervention should be the NOACs, including edoxaban, apixaban, rivaroxaban, and dabigatran etexilate; 3) the comparator should be the NOACs or conventional therapy (including warfarin, heparin and placebo); 4) reported any occurrence of major gastrointestinal bleeding; 5) were randomized controlled trials (RCTs); 6) were published in English. We excluded studies with zero events in both groups because these comparisons provide no information on the treatment effect. Additionally, we excluded studies assessing NOAC in patients with acute coronary syndrome. We also excluded studies assessing NOAC in AF patients treated with ablation catheter or percutaneous coronary intervention. Because in these studies, other drugs (e.g. antiplatelet, VKA, etc.) known to cause MGI bleeding were used. If different results were noted in the same trial, we extracted the most recent data for analysis.
Data Extraction And Assessment Of Study Quality
Two independent investigators (W.Q.G., X.H.C.) reviewed the full text of eligible studies and extracted the information. To reach a consensus, a divergence of views was resolved by joint review of the literature. Conflicts will be resolved by the third investigator (L.L.). The Cochrane risk-of-bias tool was used to assess the study quality for RCT. 8 
Outcomes Measures
The primary outcome was an occurrence of major gastrointestinal bleeding, which was defined according to the individual trials.
Data Synthesis And Statistical Analysis
In the pairwise meta-analysis, we assessed all clinical outcomes by calculating odds ratios (ORs) and corresponding 95% confidence intervals (CIs). To account for unexplained heterogeneity, we performed the meta-analysis using a random-effects model (DerSimonian-Laird method). 9 The
Cochrane Q test and the inconsistency index (I 2 ) test were used to assess statistical heterogeneity. 10 I 2 values less than 25% were indicative of low heterogeneity, while values between 25% and 50% were indicative of moderate heterogeneity, and values greater than 50% were indicative of high heterogeneity. The funnel plot method and Egger's regression asymmetry test were used to determine publication bias if the number of studies was more than 10. 11 We hypothesized that in the contemporary era of NOAC, major bleeding had an impact on mortality. To explore this hypothesis, we performed a meta-regression of the effects sizes of MGI bleeding on mortality. 12 The ORs for treatment effects in individual trials were log-transformed before being used as independent variables in linear meta-regression analyses.
The pairwise meta-analysis and meta-regression were performed using STATA software, version 12.0. The network meta-analysis was carried out modelling the binary outcome with the Bayesian framework using the Markov chain Monte Carlo methods. 13 The analysis was based on informative priors for effect sizes. All outcomes were expressed as ORs and its corresponding 95% credibility intervals (CrIs). Three chains were fit, yielding 300,000 iterations (100,000 per chain) generating the posterior distributions of model parameters. Convergence was checked by the Brooks-Gelman-Rubin diagnostic. 14 We selected the random effect model because of the unexplained heterogeneity. 13, 15 Model fit was assessed with deviance information criterion. 13 I 2 statistic was used to investigate the possibilities of statistical heterogeneity. 16 Consistency between direct and indirect estimates was appraised comparing consistency and inconsistency models. 17 In addition, we evaluated rank probabilities by using surface under cumulative ranking (SUCRA) to determine the probability that each treatment is the best in terms of MGI bleeding outcome. 18 To explore the association between risk of MGI bleeding and the length of study follow-up, we performed meta-regression where treatment effects relative to conventional therapy were allowed to depend on the study follow-up through a single interaction term. 16 Additionally, we conducted subgroup analysis of the data by calculating the interaction term β. 16 We considered the age group (mean age<65 versus ≥65);the proportion of male (<50% versus ≥50%); the indication for taking NOAC (VTE, AF and CAD/PAD) as the variables. We also plotted a comparison-adjusted funnel plot for the network meta-analysis, to detect the presence of any dominant publication bias in network meta-analysis. 19 Bayesian frame network meta-analysis was conducted by means of gemtc, rjags in R software, version 3.2.0 (R Foundation for Statistical Computing) and NetMetaXL.
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Results
Study Selection And Characteristics
A flow diagram of the literature search and study selection process is shown in Figure 1 . We found 1686 studies from a search of PubMed, the Cochrane library, Web of Science, Clinicaltrial.gov, Clinicaltrialresults.org and reference lists of relevant papers. The total number of article was 1061 after removing the duplicated records. Twenty-eight studies were included in quantitative synthesis after the full-text evaluation.
There were four studies with zero MGI bleeding events in both groups. Finally, 24 studies with 25 RCTs involving 139,392 patients met the inclusion criteria. 5, One study was the report of two trials (RE-MEDY and RE-SONATE trial). 40 The network plot of the comparisons is given in Figure 2 . 45 (shown in Additional file: Table S1 ). An assessment of the risk of bias of the included studies is presented in Additional file: Figure S1 . Overall, the included studies were found to have a low risk of bias.
The Results From Pair-Wise MetaAnalysis And Meta-Regression
The results of pairwise meta-analysis are displayed in Figure 3 . The rivaroxaban was associated with an increased risk of MGI bleeding compared with the conventional therapy (OR (Figure 4 ).
The Results From Network Meta-Analysis
The results of network meta-analysis are shown in Also, the apixaban had a similar risk of MGI bleeding relative to the edoxaban (OR, 0.91; 95% CrI, 0.56-1.58). The probability ranking of each treatment is shown in Figure 5 . Apixaban had the highest probability to be the safest option with regard to the risk of MGI bleeding (89.1%), followed by edoxaban (77.4%), conventional therapy (51.4%), dabigatran etexilate (23.8%) and rivaroxaban (8.3%).
The common heterogeneity SD was 0.15 (95% CrI 0.04-0.44). The global heterogeneity parameter I 2 values were 40.3% (Additional file: Figure S2 ). The inconsistency cannot exist because the network is star-shaped. Bayesian meta-regressions showed no significant effect for age, sex of the patients, indications for NOAC and study follow-up (Additional file: Table S2 ). The comparison-adjusted funnel plots suggest that no publication bias was present (Additional file: Figure S3 ).
Discussion
Our network meta-analysis evaluated a large number of studies that compared the risk of GI bleeding following four different NOAC regimens. Our main findings were that 1) the MGI bleeding events were correlated with fatal bleeding events, 2) the extent of MGI bleeding differed among the individual NOAC regimens, with edoxaban and apixaban associated with a lower risk compared to rivaroxaban, and 3) apixaban was the safest option with regards to MGI bleeding, followed by edoxaban, dabigatran etexilate and rivaroxaban.
Current Understanding Of The Risk Of Post-NOAC GI Bleeding
Several studies have demonstrated that NOACs have better antithrombotic effect than warfarin and can significantly reduce mortality rate. 26, [46] [47] [48] Therefore, NOAC has steadily replaced warfarin as the preferred drug for thrombosis prevention and treatment. 2 Although the overall risk of bleeding is lower following NOAC than warfarin, 49 the risk of GI bleeding is still higher with the former, 50 suggesting that active prevention and treatment of post-NOAC GI bleeding are vital during clinical operations. The secondary analysis of the ROCKET-AF trial compared the risk of GI bleeding between patients treated with oral rivaroxaban and those treated with warfarin. 4 Of the 14,236 AF patients enrolled in this trial, 684 had GI bleeding during follow-up, and rivaroxaban was associated with higher risk of GI bleeding than warfarin. Conversely, the Apixaban after the Initial Management of Pulmonary Embolism and Deep Vein Thrombosis with First-Line Therapy-Extended Treatment (AMPLIFY-EXT) trial showed that the risk of GI bleeding was significantly lower after oral apixaban than after warfarin. 25 Since there is currently no head-to-head RCT that compares all NOAC regimens, there is no definite consensus on whether the risk of post-NOAC GI bleeding is different between the specific regimens. Nevertheless, observational studies have yielded significant evidence. A large cohort study conducted by Abraham et al involving 31,574 patients was carried out to compare the risk of GI bleeding following dabigatran, rivaroxaban, and apixaban regimens. 51 Compared to dabigatran or rivaroxaban, apixaban significantly reduced the risk of GI bleeding. Furthermore, the risk of GI bleeding was higher after rivaroxaban than after dabigatran, but not statistically significant. This finding is consistent with the results from our network meta-analysis. In our study, we found that the MGI bleeding risk was significantly higher with rivaroxaban (OR, 1.79; 95% CrI, 1.14-2.86) and non-significantly higher for dabigatran when relative to the apixaban (OR, 1.56; 95% CrI, 0.96-2.56). However, since large-scale clinical trials are complicated and cumbersome, Abraham et al were unable to include edoxaban into the comparison of intervention measures, and therefore the risk of post-edoxaban GI bleeding could not be evaluated. In our analysis, edoxaban and apixaban had lower risk of MGI bleeding than rivaroxaban, although no difference was observed between edoxaban and apixaban (OR=0.91, and the SUCRA values were 86.1% and 76.9%, respectively). Therefore, apixaban and edoxaban had the most favorable MGI bleeding safety profile. On the contrary, the MGI bleeding was similar between dabigatran and rivaroxaban, with comparable SUCRA values (28.0% and 10.9%, respectively), indicating that these two drugs had the least favorable MGI bleeding safety profile. In addition, although several observational studies have compared the risk of GI bleeding after different NOAC regimens, [52] [53] [54] [55] [56] they have several limitations like inconsistent definition of GI bleeding, presence of selective bias due to the nature of study (observational), and lack of comparative study of all NOAC regimens. Therefore, it is difficult to compare the results of these studies with those from our network meta-analysis. Several meta-analyses have in fact assessed the risk of GI bleeding following NOAC. Bai et al found that the risk of GI bleeding was higher after rivaroxaban compared to warfarin. 57 Another meta-analysis including 28 real-word studies showed that rivaroxaban increased the risk of GI bleeding compared with warfarin, while apixaban decreased the risk. 46 These results are consistent with our findings. It is important to note that these studies used traditional meta-analysis method and failed to compare the MGI bleeding among all NOAC regimens. Burr et al used network meta-analysis to assess the risk of bleeding following NOAC in 31 RCTs using GI bleeding event as the primary endpoint. 58 The authors found that compared to warfarin and low-molecular weight heparin, NOAC did not increase the risk of GI bleeding. Similar to the aforementioned studies, the study of Burr et al did not further examine the difference in the risk of GI bleeding between various NOAC treatments. Our network meta-analysis includes all relevant studies on the risk of GI bleeding following NOACs and is currently the first large network metaanalysis including 25 RCTs and 139,392 patients. In addition, we assessed and compared the risk of MGI bleeding among the four commonly used clinical NOAC regimens. The results suggest that the risk of MGI bleeding was different between the individual NOACs. Previous studies reported relevant sex differences in the clinical effectiveness of antithrombotic therapy. 59, 60 However, in our research, the meta-regression showed that the sex was not related to the MGI bleeding of NOACs.
Clinical Implications Of The Study
This study evaluated the relationship between post-NOAC GI bleeding and death, as well as the difference in the risk of GI bleeding between the four NOAC regimens. According to our findings, GI bleeding was correlated with fatal bleeding following all NOAC treatments with an overall incidence rate of 1.6%, and the risk of GI bleeding differed across NOAC types. Of note, subgroup analysis showed that age, sex of the patients, and indications for NOAC had no effect on the risk of GI bleeding. As the number of NOAC users steadily increases around the world, the occurrence of post-NOAC GI bleeding must be carefully monitored. Additionally, in patients with MGI bleeding associated with the use of a factor Xa inhibitor, treatment with andexanet significantly reduced anti-factor Xa activity. 61 However, most countries do not have such drugs, making it challenging to manage NOAC-associated MGI bleeding. Moreover, given that post-NOAC GI bleeding can affect the prognosis of patients, the risk of bleeding in such patients should be carefully evaluated.
Since the risk of GI bleeding depends on the exact NOAC regimen, the drug with the lowest risk of bleeding should be selected for clinical use.
Limitations Of The Study
This study has several limitations. First, the incidence of small GI bleeding events was not analyzed due to lack of sufficient data. Nevertheless, since MGI bleeding events are more serious and often affect clinicians' choice of drugs, it is of greater clinical significance to use MGI bleeding event as the primary endpoint. Second, most studies that were analyzed used other background drugs that might have lead to GI bleeding. However, our study only included RCTs in which Comparisons should be read from left to right. The estimate is located at the intersection of the column-defining treatment and the row-defining treatment. An OR value higher than 1 favors the column-defining treatment. An OR value lower than 1 favors the row-defining treatment. Figure 5 Graph showing probability ranking of each NOAC regimen for the risk of MGI bleeding. Note: Rank 1 is best and rank 5 is worst.
the confounding factors had already been eliminated during randomization, and likely did not affect our evaluation of the relationship between NOAC and MGI bleeding. Third, given the nature of these RCTs, we could not obtain individual patient data and identify those who are at high risk of MGI bleeding based on demographic and/or clinical characteristics. Fourth, our study did not evaluate the efficacy of the four NOAC regimens. However, there are other network metaanalysis studies that have already confirmed that treatment efficacies of the four regimens were similar. 62, 63 Finally, our study did not carry out a cost-benefit analysis, and therefore we could not assess dosage from an economic perspective.
Conclusion
The risk of MGI bleeding significantly varies among the NOAC regimens, with apixaban and edoxaban having the most favorable MGI bleeding safety profile, and rivaroxaban and dabigatran being the least safe.
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